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(57) ABSTRACT 

A global spatial domain detail controlling method for an 
image processor includes adjusting at least one detail param 
eter corresponding to each pixel during an image processing 
according to each spaceposition of the each pixel in animage: 
and performing the each pixel with the image processing 
according to the at least one detail parameter of the each pixel. 
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GLOBAL SPATAL DOMAN DETAL 
CONTROLLING METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a global spatial domain 

detail controlling method, and more particularly, to a global 
spatial domain detail controlling method capable of adjusting 
corresponding detail parameters for image processing 
according to space position of each pixel in an image, so as to 
process a center portion and a corner portion of the image 
separately, wherein the corner portion of the image may 
exhibit larger noise due to lack of illumination. 

2. Description of the Prior Art 
In general, an image sensor is designed toward less area, 

more pixels and Smaller pixels. However, when the image 
sensor is used with a lens, a corner portion of the image may 
be obscured by the lens, which causes lens shading and leads 
to even less illumination Such that the captured image exhibits 
larger noise in corner portions (i.e. lens shading usually 
attenuates with multiple functions, and SNR attenuates along 
with lens shading). 

In Such a condition, a conventional image processor usu 
ally does not take spatial factors into consideration when 
performing image processing manners such as noise reduc 
tion control, sharpness control, color saturation control and 
color interpolation control, and may sacrifice the image qual 
ity of the center portion in order to take the image quality of 
the corner portions into account. 

For example, please refer to FIG. 1, which is a schematic 
diagram of noise reduction control performed by a conven 
tional image processor. As shown in FIG. 1, when performing 
noise reduction control, the conventional image processor 
generates a noise reduction prediction image NRP by low 
pass filtering an original image ORI (i.e. taking a weighted 
average to each pixel with Surrounding pixels thereof for 
generating a new pixel value), and then generates a noise 
reduction image NR from a weighted average of the original 
image ORI and the noise reduction prediction image NRP 
with a specific weighting factor W (i.e. NR=(1-W)*ORI+ 
W*NRP). Since a single specific weighting factor W is used 
for all pixels in the entire image, the weighting factor of the 
noise reduction prediction image NRP is increased in order to 
reduce noise for the corner portion of the noise reduction 
image NR, which however may blur the center portion of the 
noise reduction image NR. 

Besides, please refer to FIG. 2, which is a schematic dia 
gram of sharpness control performed by the conventional 
image processor. As shown in FIG. 2, when performing 
sharpness control, the conventional image processor gener 
ates an edge extraction image EE by extracting edges in the 
original image ORI (i.e. taking a pixel value difference 
between each pixel and a front or rear pixel thereof in a 
specific direction so that the pixel value difference becomes 
plus or minus near an edge due to an decrease or increase of 
the pixel value of the front or rear pixel), and then generates an 
edge extraction gain image EEG by enlarging the pixel value 
difference in the edge extraction image EE with an edge gain. 
Finally, the conventional image processor Sums up the origi 
nal image ORI with the edge extraction gain image EEG to 
obtain a sharpened image SHA in order to strengthen pixel 
value differences at the edges for sharpness control. Since the 
pixel value differences in the entire image are enlarged with 
the same edge gain, the edge gain is increased in order to 
Sufficiently sharpen the corner portion of the sharpened image 
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2 
SHA for noise reduction, which however, may over-sharpen 
the center portion of the sharpened image SHA and thereby 
distort the image. 

Moreover, please refer to FIG. 3, which is a schematic 
diagram of color Saturation control performed by the conven 
tional image processor. As shown in FIG.3, when performing 
color Saturation control, the conventional image processor 
adjusts the color Saturation of the original image ORI. For 
example, when decreasing a color Saturation gain to generate 
a low color saturation image LSG, the image texture is clear 
at the lower right of the low color saturation image LSG but 
the image color is worse, and when increasing a color satu 
ration gain to generate a high color Saturation image HSG, the 
image color of the high color saturation image HSG is better 
but the image texture at the lower right is not clear (because 
the noise is too high in the corner portion to determine the 
color correctly). Since the entire image is controlled by the 
same color Saturation gain, the color saturation gain is 
decreased in order to make the image texture of the corner 
portion clear, which however, may worsen the image color of 
the center portion and thereby distort the image. 

In addition, please refer to FIG. 4, which is a schematic 
diagram of color interpolation control performed by the con 
ventional image processor. As shown in FIG. 4, the conven 
tional image processor simplifies the image with a Bayer 
Pattern. Each pixel only has a primary color data, and requires 
obtaining the other two primary colors by interpolation. 
Therefore, when the conventional image processor performs 
color interpolation control to obtain a green pixel value G5 at 
a position only having a red pixel value R5 by interpolating 
green pixel values G2, G4, G6, G8 at the surroundings, the 
conventional image processor obtains a horizontal pixel value 
difference dH and a vertical pixel value difference dV (i.e. 
dV=|G2-G8 and dh=|G4-G6), and then compares the hori 
Zontal pixel value difference dH and the vertical pixel value 
difference dV with a color interpolation threshold CIT. If the 
horizontal pixel value difference dH is larger than the color 
interpolation threshold CIT and the vertical pixel value dif 
ference dV is smaller than the color interpolation threshold 
CIT, the conventional image processor determines that the 
interpolation is performed in the vertical direction (i.e. G5= 
(G2+G8)/2), if the horizontal pixel value difference dFI is 
smaller than the color interpolation threshold CIT and the 
vertical pixel value difference dV is larger than the color 
interpolation threshold CIT, the conventional image proces 
sor determines that the interpolation is performed in the hori 
Zontal direction (i.e. G5-(G4+G6)/2), and if the horizontal 
pixel value difference dH is smaller than the color interpola 
tion threshold CIT and the vertical pixel value difference dV 
is smaller than the color interpolation threshold CIT, the 
conventional image processor determines that the interpola 
tion is performed as no particular direction (i.e. G5 (G2+ 
G4+G6+G8)/4). Since the entire image is controlled by the 
same color interpolation threshold CIT, the color interpola 
tion threshold CIT is increased in order to prevent the corner 
portion from an incorrect determination of the direction due 
to noise (i.e. when the noise is larger, the interpolation direc 
tions are randomly determined as vertical or horizontal direc 
tion in an area so that a maze texture may be formed), which 
however, may not clearly determine the direction for the 
center portion of the image. 
From the above, when performing image processing man 

ners such as noise reduction control, sharpness control, color 
saturation control and color interpolation control, the conven 
tional image processor usually does not take spatial factors 
into consideration and uses the same detail parameters for 
processing the entire image. Therefore, the image quality of 
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the center portion may be sacrificed in order to take the image 
quality of the corner portions into account. Thus, there is a 
need for improvement of the prior art. 

SUMMARY OF THE INVENTION 

It is therefore an objective of the present invention to pro 
vide a global spatial domain detail controlling method 
capable of adjusting corresponding detail parameters for 
image processing according to space position of each pixel in 
an image, so as to process a center portion and a corner of the 
image separately, wherein the corner portion of the image 
may exhibit larger noise due to lack of illumination. 
The present invention discloses a global spatial domain 

detail controlling method for an image processor. The global 
spatial domain detail controlling method includes adjusting at 
least one detail parameter corresponding to each pixel during 
an image processing according to each space position of the 
each pixel in animage; and performing the each pixel with the 
image processing according to the at least one detail param 
eter of the each pixel. 

These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art after 
reading the following detailed description of the preferred 
embodiment that is illustrated in the various figures and draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of noise reduction control 
performed by a conventional image processor. 

FIG. 2 is a schematic diagram of sharpness control per 
formed by the conventional image processor. 

FIG. 3 is a schematic diagram of color saturation control 
performed by the conventional image processor. 

FIG. 4 is a schematic diagram of colorinterpolation control 
performed by the conventional image processor. 

FIG. 5 is a flow chart of a global spatial domain detail 
controlling process according to an embodiment of the 
present invention. 

FIG. 6 is a schematic diagram of a space position of an 
image according to an embodiment of the present invention. 

FIG. 7A is a schematic diagram of distribution of a noise 
reduction prediction image weighting in the image shown in 
FIG. 6. 

FIG. 7B is a schematic diagram of distribution of an edge 
gain in the image shown in FIG. 6. 

DETAILED DESCRIPTION 

Please refer to FIG. 5, which is a flow chart of a global 
spatial domain detail controlling process 50 according to an 
embodiment of the present invention. As shown in FIG. 5, the 
global spatial domain detail controlling process 50 for an 
image processor includes the following steps: 

Step 500: Start. 
Step 502: Adjust at least one detail parameter correspond 

ing to each pixel during an image processing according to 
each space position of the each pixel in an image. 

Step 504: Perform the each pixel with the image processing 
according to the at least one detail parameter of the each pixel. 

Step 506: End. 
According to the global spatial domain detail controlling 

process 50, the present invention adjusts at least one detail 
parameter corresponding to each pixel during an image pro 
cessing according to each space position of the each pixel in 
an image, and then performs the each pixel with the image 
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4 
processing according to the at least one detail parameter of the 
each pixel. In Such a situation, since pixels in different space 
positions of the image are processes by different detail param 
eters, pixels in a center of the image and pixels in a corner of 
the image can be separately configured with appropriate 
detail parameters. As a result, the present invention may 
adjust the corresponding detail parameters for image process 
ing according to space position of each pixel in the image, so 
as to process the center portion and the corner portion of the 
image separately, wherein the corner portion of the image 
may exhibit larger noise due to lack of illumination. 

In detail, please refer to FIG. 6, which is a schematic 
diagram of a space position (x,y) of an image IMG according 
to an embodiment of the present invention. As shown in FIG. 
6, a center of the image IMG is set as the origin (0,0) of the 
coordinates, and a spatial value PV corresponding to the 
space position (x,y) is expressed as a bivariate polynomial as 
below: 

In Such a condition, the present invention may obtain the 
specific spatial value PV according to the specific space 
position (x,y), and then adjust detail parameters according to 
the specific spatial value PV. Since the spatial value 
PV is a bivariate polynomial, a distribution condition of 
the spatial value PV may be designed according to prac 
tical requirements of image processing manners such as noise 
reduction control, sharpness control, color Saturation control, 
color interpolation control and the space position (x,y) (e.g. to 
increase or decrease the spatial value PV in a straight, 
curve or stepped manner according to a distance from the 
center in order to match attenuation of signal to noise ratio 
due to lens shading that attenuates with multiple functions). 
As a result, the present invention may be realized by a mul 
tiplier and an adder. Also, with fewer coefficients, the present 
invention can effectively reduce required memory space, and 
it is easy to be integrated into various types of image process 
ing manners and various platforms for computation. 

For example, when noise reduction control is performed 
for the image processing, the detail parameter that is adjusted 
may be a noise reduction prediction image weighting 
NRW, and an original image weighting (1-NRW). 
Therefore, the noise reduction control can be performed on 
each pixel after obtaining the noise reduction prediction 
image weighting NRW, and the original image weighting 
(1-NRW) corresponding to each pixel according to the 
spatial value PV, a global noise reduction prediction 
image weighting GNRW and a noise reduction normalization 
value NRNF corresponding to the noise reduction control. 
That is, 

where PNR is the pixel value of each pixel obtained after 
performing noise reduction control according to an embodi 
ment of the present invention, ORIP is the pixel value of 
each pixel in the original image, NRP is the pixel value of 
each pixel in the noise reduction prediction image generated 
by low-pass filtering, and OP represents an operator for the 
operands of GNRW and PV*NRNF, and may be any 
operator Such as addition, Subtraction, multiplication and 
division. Noticeably, in the above embodiment, the noise 
reduction prediction image weighting is NRW, while the 
original image weighting is (1-NRW), but in other 
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embodiment, the noise reduction prediction image weighting 
can be (1-ORW) while the original image weighting can 
be ORW. 

In such a situation, please refer to FIG. 7A, which is a 
schematic diagram of distribution of a noise reduction pre 
diction image weighting NRW in the image IMG. As 
shown in FIG. 6 and FIG. 7A, the distribution of the noise 
reduction prediction image weighting NRW from a point 
A to a point B in FIG. 6 in the image IMG is as shown in FIG. 
7A. The noise reduction prediction image weighting 
NRW is increased in a stepped manner (or may be 
increased in a straight or curve manner in other embodiments) 
according to a distance from the center. As a result, if a pixel 
P is located in the center of the image IMG, the corre 
sponding original image weighting (1-NRW) may be 
increased and the corresponding noise reduction prediction 
image weighting NRW may be decreased (e.g. to 0), and 
if the pixel P. is located in the corner of the image IMG, the 
corresponding original image weighting (1-NRW) may 
be decreased and the corresponding noise reduction predic 
tion image weighting NRW may be increased (e.g. to 
0.85). Therefore, the center portion of the image may main 
tain clear, and the larger noise which caused from lack of 
illumination in the corner portion of the image may be 
reduced. 
On the other hand, when sharpness control is performed for 

the image processing, the detail parameter that is adjusted 
may be an edge gain EG. Therefore, the sharpness control 
can be performed on each pixel after obtaining the edge gain 
EG, of each pixel according to the spatial value PV, a 
global edge gain GEG and a sharpness normalization value 
ENF of the corresponding sharpness control. That is, 

PE=ORIP+EVEG 

where PE is the pixel value of each pixel obtained after 
performing sharpness control according to an embodiment of 
the present invention, ORIP is the pixel value of each pixel 
in the original image, EV is an edge value obtained by per 
forming edge extraction (i.e. the pixel value difference of the 
edge extraction image EE shown in FIG. 2), and OP repre 
sents an operator for the operands of GEG and PV*ENF, 
and may be any operator Such as addition, Subtraction, mul 
tiplication and division. 

In such a situation, please refer to FIG. 7B, which is a 
schematic diagram of distribution of the edge gain EG in 
the image IMG. As shown in FIG. 6 and FIG. 7B, the distri 
bution of the edge gain EG from the point A to the point B 
in FIG. 6 in the image IMG is as shown in FIG. 7B. The edge 
gain EG is increased in a stepped manner (or may be 
increased in a straight or curve manner in other embodiments) 
according to a distance from the center. As a result, if the pixel 
P is located in the center of the image IMG, the corre 
sponding edge gain EG may be decreased (e.g. to 1), and 
if the pixel P is located in the corner of the image IMG, the 
corresponding edge gain EG may be increased (e.g. to 
1.256). Therefore, the center portion of the image may main 
tain undistorted, and the sharpness of the corner portion of the 
image may be increased to overcome blurring. 
On the other hand, when color saturation control is per 

formed for the image processing, the detail parameter that is 
adjusted may be a color Saturation gain CSG. Therefore, 
the color Saturation control can be performed on each pixel 
after obtaining the color Saturation gain CSG of each pixel 
according to the spatial value PV, a global color Saturation 
gain GCSG and a saturation normalization value CSNF of the 
corresponding color Saturation control. That is, 
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CSG=GCSG OPPV, CSNF 
where PCS is the pixel value of each pixel obtained after 
performing color Saturation control according to an embodi 
ment of the present invention, ORIP is the pixel value of 
each pixel in the original image, and OP represents an opera 
tor for the operands of GCSG and PV*CSNF, and may be 
any operator Such as addition, Subtraction, multiplication and 
division. 

As a result, if the pixel P is located in the center of the 
image IMG, the corresponding color saturation gain CSG 
may be increased, and if the pixel P is located in the corner 
of the image IMG, the corresponding color saturation gain 
CSG, may be decreased. Therefore, the color saturation of 
the center portion of the image may be enhanced, and the 
corner portion of the image may be prevented from distortion 
due to noise. 
On the other hand, when color interpolation control is 

performed for the image processing, the detail parameter that 
is adjusted may be a color interpolation threshold CIT. 
Therefore, the color interpolation control can be performed 
on each pixel after obtaining the color interpolation threshold 
CIT of each pixel according to the spatial value PV, a 
global color interpolation threshold GCIT and a color inter 
polation normalization value CINF of the corresponding 
color interpolation control. That is, 

PCI-INT(NPCIT) 

CIT=GCIT OPPV, CINF 
where PCI is the pixel value of each pixel obtained after 
performing color interpolation control according to an 
embodiment of the present invention, NP represents the 
pixel value of the surrounding pixels which are used for 
interpolation for a certain pixel in the original image (e.g. 
when color interpolation control is required for obtaining the 
green pixel value G5 in FIG. 4, NP represents the green 
pixel values G2, G4, G6, G8), and OP represents an operator 
for the operands of GCIT and PV*CINF, and may be any 
operator Such as addition, Subtraction, multiplication and 
division. 

As a result, if the pixel P is located in the center of the 
image IMG, the corresponding color interpolation threshold 
CIT may be decreased, and if the pixel P is located in 
the corner of the image IMG, the corresponding color inter 
polation threshold CIT may be increased. Therefore, the 
direction may be correctly determined for the center portion 
of the image and thereby enhance color interpolation correct 
ness, and the pixel values of the Surrounding pixels of the 
pixel P. may be averaged in the corner portion of the image 
in order to prevent from incorrect color interpolation due to 
noise. 

Noticeably, the above embodiments adjusts the corre 
sponding detail parameters for image processing according to 
space position of each pixel in an image, so as to process a 
center portion and a corner portion of the image separately, 
wherein the corner portion of the image may exhibit larger 
noise due to lack of illumination, and those skilled in the art 
can make alterations and modifications accordingly. For 
example, the image processing may follow the sequence from 
noise reduction control, color interpolation control, sharp 
ness control to color saturation control. However, other image 
processing manners may be added or the sequence may be 
changed according to practical requirements. Besides, the 
image processing manners such as noise reduction control, 
color interpolation control, sharpness control and color satu 
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ration control may be performed in combination or imple 
mented separately or combined partially to achieve individual 
effect of related image processing manners. Moreover, the 
method of adjusting the noise reduction prediction image 
weighting NRW, the edge gain EG, the color satura 
tion gain CSG and the color interpolation threshold 
CIT, for the center portion and the corner portion of the 
image in the noise reduction control, the color interpolation 
control, the sharpness control and the color Saturation control 
mentioned above is utilized to overcome the problem that the 
corner portion of the image may exhibit larger noise due to 
lack of illumination, but in other embodiments the adjusting 
method may be different to comply with practical require 
mentS. 

In the prior art, when performing image processing man 
ners such as noise reduction control, sharpness control, color 
saturation control and colorinterpolation control, the conven 
tional image processor usually does not take spatial factors 
into consideration and uses the same detail parameters for 
processing the entire image. Therefore, the image quality of 
the center portion may be sacrificed in order to take the image 
quality of the corner portions into account. In comparison, the 
present invention is capable of adjusting corresponding detail 
parameters for image processing according to space position 
of each pixel in an image, so as to process a centerportion and 
a corner portion of the image separately, wherein the corner 
portion of the image may exhibit larger noise due to lack of 
illumination. 

Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method may 
be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended claims. 
What is claimed is: 
1. A global spatial domain detail controlling method for an 

image processor, comprising: 
the image processor adjusting at least one detail parameter 

corresponding to each pixel during an image processing 
positive-correlatively or negative-correlatively accord 
ing to a distance from each space position of the each 
pixel in an image to a center of the image; and 

the image processor performing the each pixel with the 
image processing according to the at least one detail 
parameter of the each pixel. 

2. The global spatial domain detail controlling method of 
claim 1, wherein a spatial value corresponding to the each 
space position is expressed as a bivariate polynomial. 

3. The global spatial domain detail controlling method of 
claim 1, wherein the image processing comprises a noise 
reduction control, and the at least one detail parameter com 
prises an original image weighting and a noise reduction 
prediction image weighting. 

4. The global spatial domain detail controlling method of 
claim3, wherein the step of the image processor adjusting the 
at least one detail parameter corresponding to the each pixel 
during the image processing positive-correlatively or nega 
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8 
tive-correlatively according to the distance from the each 
space position of the each pixel in the image to the center of 
the image comprises: 

the image processor increasing a corresponding first origi 
nal image weighting and decreasing a corresponding 
first noise reduction prediction image weighting if a first 
pixel is in a center of the image, and decreasing a corre 
sponding second original image weighting and increas 
ing a corresponding second noise reduction prediction 
image weighting if a second pixel is in a corner of the 
image. 

5. The global spatial domain detail controlling method of 
claim 1, wherein the image processing comprises a sharpness 
control, and the at least detail parameter comprises an edge 
gain. 

6. The global spatial domain detail controlling method of 
claim 5, wherein the step of the image processor adjusting the 
at least one detail parameter corresponding to the each pixel 
during the image processing positive-correlatively or nega 
tive-correlatively according to the distance from the each 
space position of the each pixel in the image to the center of 
the image comprises: 

the image processor decreasing a corresponding first edge 
gain if a first pixel is in a center of the image, and 
increasing a corresponding second edge gain if a second 
pixel is a corner of the image. 

7. The global spatial domain detail controlling method of 
claim 1, wherein the image processing comprises a color 
saturation control, and the at least detail parameter comprises 
a color saturation gain. 

8. The global spatial domain detail controlling method of 
claim 7, wherein the step of the image processor adjusting the 
at least one detail parameter corresponding to the each pixel 
during the image processing positive-correlatively or nega 
tive-correlatively according to the distance from the each 
space position of the each pixel in the image to the center of 
the image comprises: 

the image processor increasing a corresponding first color 
Saturation gain if a first pixel is in a center of the image, 
and decreasing a corresponding second color Saturation 
gain if a second pixel is in a corner of the image. 

9. The global spatial domain detail controlling method of 
claim 1, wherein the image processing comprises a color 
interpolation control, and the at least detail parameter com 
prises a color interpolation threshold. 

10. The global spatial domain detail controlling method of 
claim 9, wherein the step of the image processor adjusting the 
at least one detail parameter corresponding to the each pixel 
during the image processing positive-correlatively or nega 
tive-correlatively according to the distance from the each 
space position of the each pixel in the image to the center of 
the image comprises: 

the image processor decreasing a corresponding color 
interpolation threshold if a first pixel is in a center of the 
image, and increasing a second color interpolation 
threshold if a second pixel is in a corner of the image. 

k k k k k 


